Oo6pa3zan 3.

dakyarer MaiumHcku YHUBEP3UTET Y BEOI'PAZTY

624/6 Behe Hay4HUX 00aCTH TEXHUYKHUX HAayKa

(Bpoj 3axTeBa) (Ha3us Beha Hay4He 0071aCTH KOME CE 3aXTeB
ynyhyje)

25.06.2020.

(Harym)

3a 1aBambe CarJacHOCTH HA O/UIYKY O IPUXBATAaby TeMe JIOKTOPCKe JAucepTanuje
u 0 oapehuBamy MeHTOpa

Mommmo na, cxonHo unany 47. ct. 5. tau. 3. Craryra YauBep3urera y beorpany ("I'macauk YHuBepsnrera',
6poj 186/15-npeunmhenn Tekcr n 189/16), mate carimacHOCT Ha OUTYKYy O NPHXBaTamy TEME JOKTOPCKE
JUcepTalmje:

~KBAJIMTATUBHA NIEHTUOUKAIIMIA TACOBUTUX ITPOAYKATA
TEPMOXEMUMICKE KOHBEP3UJE BUOMACE ITPUMEHOM CUMVIJITAHE TEPMAJIHE AHAJIU3E U
MACEHE CIIEKTPOMETPUIJE (QUALITATIVE IDENTIFICATION OF GASEOUS PRODUCTS
DURING BIOMASS THERMOCHEMICAL CONVERSION PROCESSES USING SIMULTANEOUS
THERMAL ANALYSIS AND MASS SPECTROMETRY)*

(TIyH Ha3WB IpeUIOKEHEe TeMe JOKTOPCKE AUCEePTalje)

HAVYHA OBJIACT TexHonoruja matepujana -
MIOTOHCKH MaTepHjaly ’
caropeBame

oA O KAHIUIATY:

1. HMwme, nMe jeqHOT O] pOANTEIHhA U NIPEe3NMe KaHANAATA:
MUJIONI (bPAHKO) PAIOJEBITH

2. IlperxomHo obpa3oBame (Ha3WB U ceAnINTe (haKynaTeTa, CTYIN]CKH
mporpam):

Marmncku ¢dakynaretr beorpan — MamuHcko
WHKEHEPCTBO, MACTEP aKaJIeMCKE CTY/IHje

3. Topnuna 3aBpmieTka
MPETXOIHOT HABOA CTYAHWja: 2016.

4. TopuHa yruca Ha TOKTOPCKE CTynUje:
2016.

5. Hasus ctyaujckor mporpama MammHCKO HHXEHEPCTBO
JOKTOPCKHX CTyAMja:




NOJAIIM O MEHTOPY:

Mme n mpe3ume MeHTOpA: He6ojma Manuh

3Bame:_ Banpemnu npodecop

Crucak pazoBa Koju KBTU(UKYjy MEHTOpa 3a Bol)ere TOKTOPCKE UcepTalyje:

1. (M 21) Rad u vrhunskom medunarodnom ¢asopisu: Neboj$a Mani¢, Bojan Jankovi¢, Milena Pijovi¢, Hadi Waisi, Vladimir Dodevski,
Dragoslava Stojiljkovi¢, Vladimir Jovanovi¢, Apricot kernel shells pyrolysis controlled by non-isothermal simultaneous thermal analysis (STA),
Journal of Thermal Analysis and Calorimetry, (2020) 1-15, ISSN: 1588-2926, IF (2018) 2,471 [16/60]

2. (M 21a) Rad u medunarodnom casopisu izuzetnih vrednosti: Marta Trnini¢, Dragoslava Stojiljkovi¢, Nebojsa Mani¢, Qyvind
Skreiberg, Liang Wang, Aleksandar Jovovi¢, A mathematical model of biomass downdraft gasification with an integrated pyrolysis model, Fuel,
Vol. 265, 116867265 (2020) 116867, ISSN: 0016-2361, IF (2018) 5,128 [13/138]

3. (M 21) Rad u vrhunskom medunarodnom casopisu: Nebojsa Mani¢, Bojan Jankovi¢, Hadi Waisi, Dragoslava Stojiljkovi¢, Milo§
Radojevi¢, Advanced Distributed Reactivity Model for the Static Pyrolysis of Corn Stover Feedstock, Match: Communications in Mathematical
and in Computer Chemistry, 84 (2020) 85-130, ISSN: 0340-6253, IF (2018) 2,126 [29/105]

4. (M 22) Rad u istaknutom medunarodnom ¢asopisu: Milo§ Radojevi¢, Bojan Jankovi¢, Vladimir Jovanovi¢, Dragoslava Stojiljkovié,
Nebojsa Mani¢, Comparative pyrolysis kinetics of various biomasses based on model-free and DAEM approaches improved with numerical
optimization procedure, PLOS ONE, 13(10) (2018) PLoS ONE 13(10): 0206657, ISSN: 1932-6203, IF (2018) 2.776 [24/69]

5. (M 21a) Rad u medunarodnom c¢asopisu izuzetnih vrednosti: Bojan Jankovi¢, Nebojsa Mani¢, Dragoslava Stojiljkovi¢, Vladimir
Jovanovi¢, TSA-MS characterization and kinetic study of the pyrolysis process of various types of biomass based on the Gaussian multi-peak
fitting and peak-to-peak approaches, Fuel, 234 (2018) 447-463, ISSN: 0016-2361, IF (2018) 5,128 [13/138];

NOJAIIM O MEHTOPY:
HMme n npe3ume MeHTOpA: bojan JankoBuh
3Bame: Bumm HaygHH capaIHHK

Crucak pazoBa Koju KBATU(UKYjy MEHTOpa 3a BOl)ere TOKTOPCKE qUcepTalyje:

1. (M 22) Rad u istaknutom medunarodnom ¢asopisu: Milo§ Radojevi¢, Bojan Jankovi¢, Vladimir Jovanovi¢, Dragoslava Stojiljkovié,
Nebojsa Mani¢, Comparative pyrolysis kinetics of various biomasses based on model-free and DAEM approaches improved with numerical
optimization procedure, PLOS ONE, 13(10) (2018) PLoS ONE 13(10): 0206657, ISSN: 1932-6203, IF (2018) 2.776 [24/69]

2. (M 21) Rad u vrhunskom medunarodnom ¢asopisu: Nebojsa Mani¢, Bojan Jankovi¢, Hadi Waisi, Dragoslava Stopljkovw Milos
Radojevi¢, Advanced Distributed Reactivity Model for the Static Pyrolysis of Corn Stover Feedstock, Match: Communications in Mathematical
and in Computer Chemistry, 84 (2020) 85-130, ISSN: 0340-6253, IF (2018) 2,126 [29/105]

3. (M 21a) Rad u medunarodnom ¢asopisu izuzetnih vrednosti: Bojan Jankovi¢, Nebojsa Mani¢, Vladimir Dodevski, Jasmina Popovi¢,
Jelena Rusmirovi¢, Milo§ Tosi¢, Characterization analysis of Poplar fluff pyrolysis products. Multi-component kinetic study, Fuel, 238 (2019)
111-128, ISSN: 0016-2361, IF (2018) 5,128 [13/138]

4. (M 21a) Rad u medunarodnom Casopisu izuzetnih vrednosti: Bojan Jankovi¢, NebojSa Mani¢, Dragoslava Stojiljkovi¢, Vladimir
Jovanovi¢, TSA-MS characterization and kinetic study of the pyrolysis process of various types of biomass based on the Gaussian multi-peak
fitting and peak-to-peak approaches, Fuel, 234 (2018) 447-463, ISSN: 0016-2361, IF (2018) 5,128 [13/138];

5. (M 21) Rad u vrhunskom medunarodnom ¢asopisu: Bojan Jankovi¢, Nebojsa Mani¢, Dragoslava Stojiljkovi¢, The gaseous products
characterization of the pyrolysis process of various agricultural residues using TGA-DSC-MS techniques, Journal of Thermal Analysis and
Calorimetry, 139 (2020) 3091-3106, ISSN: 1388-6150, IF (2018) 2,471 [16/60]

O6aBemTaBaMo Bac 1a je HacraBHo — HayuHO Behe
(Ha3MB HAUISKHOT Tena daxynrera)
Ha CEJIHHILH OZIPXKaHO] 25.06.2020. ronuHe Pa3MOTPHIIO TIPEIOKEHY TEMY U 3aKJbYUHIIO JIa je

TeMa nojo0Ha 3a U3pasy JOKTOPCKE AVCEpTaldje jep capXKu OpHTHMHANHY UIejy U Ja je o] 3Hadaja 3a pa3BOj HayKe, IPHMEHY HBEHUX
pe3yiTata, OJHOCHO Pa3BOj Hay4YHE MHCIIH YOIIITe.

JEKAH ®AKYJTETA
TIpunor 1. Omryka HacraBHo-HayuHor Beha o mpuxBatamwy TeMe H ofipeljBamby MeHTOpa
2. M3Bemraj Komuicuje o olieHn HaydHe 3aCHOBAHOCTH TEME JOKTOPCKE AUCEpTaLHje

Hanomena: ®akyJITeT 10CTaB/ba Y HHBEP3UTETY 3aXTeB €A NPUJI03UMA Yy €JIeKTPOHCKOj GOPMHU U Y je/IHOM ITHCAHOM MPUMEPKY 32
apxXuBy YHHBep3uTeTa



YHUBEPSUTET Y BEOIPALY
- MALLUMHCKW ©AKYNTET -
Bbpoj: 624/6

Oatym: 25.06.2020. roguHe
Beorpag, Kpareuue Mapuje 16

Ha ocHoBy 3axTteBa ctygeHTa Munowa PapojeBuha, macT. nHx. maw., 6p.
624/1 op 18.05.2020. rognHe ga My ce opmobpwu u3paga OOKTOpPCKe gucepTauwmje,
pedepata Komucuje y cactaBy: gp [Hparocnasa CrojurbkoBuh, pen. npod., ap
Bnaguvmup JosaHosuh, gou. u gp JburbaHa Meguh [lejuh, pen. npod., Polytechnic
University of Madrid (UPM), Department for Energy and Fuels, Madrid, Spain 6poj
624/5 op 23.06.2020. roguHe, a Ha ocHoBy ynaHa 30. 3akoHa 0 BUCOKOM ObpasoBamy
(,Cnyx6eHun rmacHuk PC, 6poj 76/2005, 100/2007 — ayTeHTUYHO Tymadere, 97/2008,
93/2012 n 89/2013), unaHa 64. CtaTtyTta MawwuHckor dakynteteta (6poj 1450/4 on
14.06.2018. rognHe) n ynaHa 30. lNpaBunHMka 0 OOKTOPCKUM cTyaujama MalumHckor
dakynteta, HactaBHO-HaydHO Behe MawunHcKor dakynTeTta Ha cegHuuM of
25.06.2020. rogunHe, noHerno je cnegehy

OANYKY

lMpuxBaTa ce Hay4yHa 3aCHOBAHOCT TeMEe OOKTOpCKe AmcepTauuje n KOHcTaTyje
aa crtyaeHt Munow PapojeBuh, macT. MHX. Maw. ucnyhwaBa YCNoBe 3a u3pagy
poktopcke auceptaumje «KBAIIUTATUBHA WOEHTUPUKALUNJA TACOBUTUX
NPOOYKATA TEPMOXEMWJCKE KOHBEP3WJE BWOMACE [NPUMMEHOM
CUMYNTAHE TEPMAJNNIHE AHAIIMSE WU MACEHE CHNEKTPOMETPUJE
(QUALITATIVE IDENTIFICATION OF GASEOUS PRODUCTS DURING BIOMASS
THERMOCHEMICAL CONVERSION PROCESSES USING SIMULTANEOUS
THERMAL ANALYSIS AND MASS SPECTROMETRY)».

Oanykom HHB 6poj 624/3, og 04.06.2020. roanHe 3a MeHTOpe [OOKTOpCKe

auceptaumje Munowa PapojeBuha, macT. uHX. mMaw. nmeHoBaHu cy ap HeGojwa
MaHuh, BaHp. npod. u ap bojaH JaHkoBuh, BuWK HayyHu capagHuk, UHH BuHua

Oanyky poctaBuTu: Behy HaydHMXx obrnactu TeXHWYKUX Hayka YHuBepauteTta y
Beorpagy, meHTopy 1 apxueu dakynTeTa.

OEKAH
MALLUMHCKOI ®AKYJIITETA

npod. ap Paaneoje Mutposuh



YHUBEP3UTET Y BEOITPALY
MawuHcku pakynter

BERY IOKTOPCKUX CTYAUIA

MNpegmer: [Mopo6HOCT Teme W KaHAMAATA 33 UM3paZly AOKTOPCKe AucepTauumje CTyAeHTa
AOKTOPCKMX cTyaunja Munowa b. Pagojesuha

Oanykom HactaBHo-HayyHor Beha MalwuHckor ¢akynteta beorpagy 6poj 624/3 op,
04.06.2020. roaMHe, MMeHOBaHW CMO 3a 4YnaHoBe Komucuje 3a oueHy nogobHocTn Teme U
KaHangata Munowa b. Papojesuha, ctyaeHTa [JOKTOPCKMX CTyAnja Ha MaluMHCKOM daKynTeTy
YHusep3uteTa y beorpagy, 3a uspagy AOKTOpPCKe gucepTaumje u HayvyHe 3aCHOBAHOCTU TeMe:

»KBanutratmsHa ngeHTMdurKaLmja racoBMTUX NPOAYyKaTa TEPMOXEeMUjCKe KOHBep3uje 6uomace
NPUMEHOM CMMY/ITAaHE TEPMaJIHE aHAIM3e U MaceHe cnekTpomeTpuje”

,Qualitative identification of gaseous products during biomass thermochemical conversion
processes using simultaneous thermal analysis and mass spectrometry”

Ha ocHoBYy maTepwujana npuaoxeHor y3 3axTeB KaHanaata, Komucuja nogHocun cnepehu
PEDPEPAT

1. NOAALM O KAHOUOATY

1.1. Buorpadckm nogaumu

Mwunow Papojesuh poheH je 27.09.1992. roguHe y beorpaay. OCHOBHe aKagemcke cTyauje
3aBpWMO je Ha MawunHcKkom dakynteTy YHuBep3auTeta y beorpagy 2014. rogmHe ca NpoCeYHOM
oueHom 9,71, a macTep akagemcke ctyamje 2016. roamMHe y UCTOj BUCOKOLLKOJICKOj YCTAaHOBM, Ca
npoce4yHom oueHom 9,45. MacTep cTyamje 3aBpLIMO je Ha Moayny 38 TepMOTEXHUKY, 0AO6PaHUBLUN
mactep pag nog Ha3vMBom ,EkcnepumeHTanHa ucnutuBara nehu mane cHare 3a caropeBahe
neneta og 6momace” noa MeHTopcTBOM AoueHTa Ap Hebojwe MaHuha. [JOKTOpcKe akagemcke
cTyamje Ha MawuHckom dakynTeTy ynucyje 2016. roanHe Ha Kategpu 3a TeXHONOMMjy maTepujana,
y okBupy JlabopaTopuje 3a ropvBa W caropeBarba, a NoA MNOTEHUMjaAHUM MEHTOPCTBOM Ap
Hebojwe MaHuha.

Op anpuna 2017. po anpuna 2018. roamHe cTuneHgmMcTa je MMHUCTApPCTBa NPOCBETE, HAayKe
M TEXHO/IOWKOr pa3Boja Ha OCHOBY aHraxosarba Ha npojekty UNN42010 — Cmarbere
aeposaraherba 13 TepmoenektpaHa y JM Enektponpuspeaa Cpbuje. Ha YHuBep3utety y beorpaay-
MawmnHckom pakynTeTy 3anocneH je og 10.04.2018. roguHe.

McnuTe Ha AOKTOPCKMM CTyAMjaMa 3aBpliaBa y npeasuheHomM poKy og, ABe roauHe, Yume
3aAprkaBa GUHaAHCUpPaHbe AOKTOPCKMX CTyAnja n3 byueta Penybanke Cpbuje. Mpu TOM, KOHCTAHTHO
pagu Ha eKCNepuUMEHTAHUM WUCTPaXKMBakbMMa BE3aHMM 3a M3pagdy AOKTOPCKe auceptaumje u
NnMWe HayyHe pagoBe Kako 3a mehyHapogHe KoHdepeHUMje W CKynoBe, TaKo M 3a Hay4yHe
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Yyaconuce, y Kojuma je uam NpBOMMEHOBAHN AN Ko-ayTop. C 063MpoM Ha MyATUANCUUNANHAPHOCT
npeametra WCTPa*kMBakba TOKOM HAYYHO-UCTPAXKMBAYKOr pada, ycnocTaB/ba capagwy ca Agp
BojaHom JaHkoBuhem, AuMNAOMUPAHUM (PUIMKO-XEMUYAPEM, BULIMM HAyYHUMM CcapagHMKOM
MHCTUTYTa 3a HyKneapHe Hayke ,BuHua” YHuBepsuteta y Beorpagy, Koju nopen ap Hebojuwe
MaHuha 3HayajHO AonpuHOCKM dyHAAMEHTanHMM objalwrerbnma GU3UYKO-XEMUCKMX Npoueca
KOju CY aHanM3MPaHU U Y TOM CMUCAY A0NPUHOCK GOpMUpPakby KOHLENTA AOKTOPCKE AncepTtaumje,
ycnep yera nocraje KaHAMAATOB KO-MEHTOp.

Y capagtm ca meHTopom ap Hebojwom MaHuhem Kao n gpyrum ynaHosuma JlabopaTopuje 3a
ropuBa W caropeBakbe, KaHAMAaTy je obe3beheHo ycasBpwasare y pabpuum NETZSCH GmbH vy
3enby, Hemauka, Kao u capagra ca NonntexHn4yknm YHusepsmtetom y Magpuay.

1.2. CreyeHO HAYYHOUCTPAXKMBAYKO UCKYCTBO

KanamnpaT je ynucao AOKTOpcKe cTyanje Ha MawnHcKkom dakyntety YHuBep3uTeta y
Beorpagy wkoncke 2016/2017. roanHe. TOKOM AOKTOPCKUX CTyAuja NONOMKMO je cBe npegmeTe
oapeheHe HacTaBHMM MAAaHOM M MPOrPamMom W ycnewHo ogbpaHuo lNpojekaT naeje AOKTOpcKe
aucepTtaumje npea Tpu YnaHa Komucuje. TpeHYTHM CTaTyC KaHaMAaTa Y CKnady je ca 3aKOHOM O
BMCOKOM o0b6pasoBamy Penybnmke Cpbuje. Y cknagy ca ynaHom 15. MpaBuaHMKA O AOKTOPCKMM
ctygmjama MawwnHckor ¢dakynteTta y beorpaagy, kaHguaat Mwunow Bb. Papojesuh je octsapumo
yKynHo 120 ECMNB 6op08Ba, YMme je NCMYHNMO OCHOBHW YCNOB Aa NPWjaBu AOKTOPCKY AUCepTauumjy.
MpoceyHa oLeHa KaHaMAaTa TOKOM AOKTOPCKUX cTyauja je 9,93 (aeset 1 93/100). Y aasbem TekcTty
AaTa je Tabena y KOjoj cy HaBeAeHW MNONOXKEHW NpemeTu, NpeaMeTHW HACTaBHWULUM, OCTBAPEHMU
ECINB 60a08KM 1 gobujeHe oueHe.

. Cemectap
bpoj Ha3une npegmeta MNpeameTHM HAaCTaBHUK OueHa
n ECMNB
BuLwK Kypc matemaTuke Mpod. ap CnobogaH Pagojesnh 1/5 10 (aecerT)
Hymepuuke meTtoae Mpod. ap Muoapar Cnanesuh 1/5 10 (necerT)
Mpoo. Mwunow
3. | OMHUPUK pod. Ap 1/5 10 (aecer)
HepesbkoBuh
lFopuBa 1 nocebHa nornassba U3 Mpod. arocnasa
4, P pod ,u,.p Ap 1/5 10 (pecer)
caropeBatba Crojumkosuh
5. UcTpaxknueare u nybankosarse 1 Mpod. ap Hebojwa MaHuh 1/10 10 (necerT)
OpabpaHa nornaesba U3 MexaHUKe
6. AIDP Mpod. ap LUseTko LipHojesuh 2/5 9 (neserT)
dnymnpa
Mpouecn 1 nocTpojera 3awTuTe
7. Mpod. ap AnekcaHaap Jososuh 2/5 10 (necerT)
YKMBOTHe cpeauHe
Mpod. arocnasa
8. Ekonorunja caropesama pod ,u,'p Ap 2/5 10 (neser)
Crojusbkosuh
9. UcTpaxkuBarse 1 NybiMKoBarbe 2 Mpoo. gp Hebojwa MaHuh 2/15 10 (aecerT)
10. | Emuncuja U3 MHAYCTPUjCKUX NpoLeca Mpod. ap OejaH Pagnh 3/5 10 (necerT)
Mpoo. arocnasa
11. | TexHUKe mepersa y caropesakby pod ,a,'p Ap 3/5 10 (aecerT)
Crojusbkosuh
12. | UcTparkmneare n nybamkoBame 3 Mpod. ap Hebojwa MaHuh 3/20 10 (necerT)




13. | UcTpaxmBare 1 nybamkosame 4 Mpoo. gp Hebojwa MaHuh 4/8 10 (aecerT)
Mpod. ap Oparocnasa
MpojekaT naeje AoKTopcKe CrojubkoBuh,
14, | MPoi Aeje AoKTop . 4/22 10 (aecer)
auceprauuje ap Hebojwa MaHuh,

ap Bnagnmup JosaHosuh

KaHampar je ayTop je n KoayTop BULLIE HAayYHO-CTPYYHUX pPafoBa, o4 yera cy 3 objaB/beHa y

yaconucuma M21 kateropmje n 3 obja/beHa y yaconucuma M22 n M23 kateropuje, L[OK cy

ocTane nybamkaumje ca mehyHapogHux ckynosa objas/beHe y M3BogMma Kateropuje M33 n M34,

Kao U jeaaH pagy TemaTckom 360pHMKY og mefyHapoaHor 3Havaja M14.

Op anpuna 2017. y4yecHMK je y u3paau npojekta MuHUCTapcTBa NPOCBETE, HayKe WU

TexHosowWwKor pa3soja MNMN42010 nop Ha3mBom “Cmarberbe aepo3arahera U3 TepmMmoeneKTpaHa y

JN Enektponpuspeaa Cpbuje ”.

1.3 Cnucak objaB/beHUX pajaoBa WU APYrUX peneBaHTHUX pes3yaTata U aKTUBHOCTU Koje

onpepgesbyjy apuHUTET KaHAUAATA 3a pag Ha NpPeaJioXKeHoj Temu

HayuHu pag

Kateropuja*

Pijovi¢, M., Jankovi¢, B., Stojiljkovi¢, D., Radojevi¢, M., & Mani¢, N. (2020). Thermo-
Analytical Characterization of Various Biomass Feedstocks for Assessments of Light
Gaseous Compounds and Solid Residues. Paper presented at the Computational and
Experimental Approaches in Materials Science and Engineering, Cham.
doi:10.1007/978-3-030-30853-7_9

M14

Radojevi¢, M., Jankovi¢, B., Jovanovi¢, V., Stojiljkovi¢, D., & Mani¢, N. (2018).
Comparative pyrolysis kinetics of various biomasses based on model-free and DAEM
approaches improved with numerical optimization procedure. PLOS ONE, 13(10).
doi:10.1371/journal.pone.0206657

Mani¢, N., Jankovi¢, B., Wasis, H., Stojiljkovi¢, D., & Radojevi¢, M. (2020). Advanced
Distributed Reactivity Model for the Static Pyrolysis of Corn Stover Feedstock.
MATCH Communications in Mathematical and in Computer Chemistry.

Jankovi¢, B., Mani¢, N., Dodevski, V., Radojevié, M., & Stojiljkovié, D. (2019). Kinetic
study of oxy-combustion of plane tree (Platanus orientalis) seeds (PTS) in O2/Ar
atmosphere. Journal of Thermal Analysis and Calorimetry. doi:10.1007/s10973-019-
09154-z

Radojevi¢, M., Jankovi¢, B., Stojiljkovié¢, D., Jovanovié, V., & Mani¢, N. (2020).
Improved TG-MS Measurements for Accurate Evolved Gas Analysis During Pyrolysis
Process of Various Biomass Feedstock. Biomass and Bioenergy. (UNDER REVIEW)

M21

M21

M21

M21

Manié, N., Jankovi¢, B., Stojiljkovi¢, D., Jovanovi¢, V., & Radojevi¢, M. (2019). TGA-
DSC-MS analysis of pyrolysis process of various agricultural residues. Thermal
Science, 23(Suppl. 5), 1457-1472. doi:10.2298/TSCI180118182M

M22




Jankovi¢, B., Radojevic, M., Bala¢, M., Stojiljkovi¢, D., & Mani¢, N. (2020 OnLine-
First). Thermogravimetric study on the pyrolysis kinetic mechanism of waste
biomass from fruit processing industry. Thermal Science(00), 191.
doi:10.2298/TSCI200213191)

M22

Radojevié, M., Bala¢, M., Jovanovi¢, V., Stojilikovi¢, D., & Mani¢, N. (2018).
Thermogravimetric kinetic study of solid recovered fuels pyrolysis. Hemijska
Industrija, 72(2), 8. d0i:10.2298/HEMIND171009002R

M23

Radojevié¢, M., Mani¢, N., Jovanovi¢, V., & Stojiljkovié, D. (2017). Methodology and
challenges of calibrating the instrument for simultaneous thermal analysis. Paper
presented at the DEMI 2017 - 13th |[INTERNATIONAL Conference on
Accomplishments in Mechanical and Industrial Engineering, University of Banja
Luka, Faculty of Mechanical Engineering.

Manié, N., Jovanovi¢, V., Radojevi¢, M., & Stojiljkovi¢, D. (2017). Estimation of
kinetic parameters for biomass thermochemical conversion using TGA. Paper
presented at the Industrial energy and environmental protection in South Eastern
European Countries - IEEP 2017, Zlatibor, Serbia.

Mani¢, N., Stojiljkovié, D., Jovanovi¢, V., & Radojevi¢, M. (2018). The assessment of
spontaneous ignition potential of coals using TGA. Paper presented at the
International Conference Power Plants, Zlatibor, Serbia.

Radojevi¢, M., Stojiljkovié¢, D., Jovanovié, V., Jankovi¢, B., & Mani¢, N. (2019).
Identification of main components of biomass volatiles by STA-MS analysis. Paper
presented at the Industrial Energy and Environmental Protection in South Eastern
European Countries - IEEP 2019, Zlatibor, Serbia.

Manié, N., Jankovi¢, B., Stojiljkovié, D., Jovanovi¢, V., Radojevié, M., & Castells
Somoza, B. (2019). Evaluation of spontaneous ignition potential for solid biomass
through thermal analysis. Paper presented at the DEMI 2019 - 14th INTERNATIONAL
Conference on Accomplishments in Mechanical and Industrial Engineering
University of Banja Luka, Faculty of Mechanical Engineering, Banja Luka.

M33

M33

M33

M33

M33

Radojevié, M., Bala¢, M., Jovanovi¢, V., Stojiljikovi¢, D., & Mani¢, N. (2017).
Thermogravimetric kinetic study of solid recovered fuels pyrolysis. Paper presented
at the International Conference of Experimental and Numerical Investigation and
New Technologies (CNN TECH 2017), Zlatibor, Serbia.

Radojevié¢, M., Stojiljkovi¢, D., Jovanovié, V., & Manié, N. (2018b). Impact of STA
device calibration on repeatability for biomass proximate analysis. Paper presented
at the Forum on Smart Energy Carriers for Distributed Energy Production: Research
and Innovation Technology Perspectives, University of Belgrade, Belgrade, Serbia.

Radojevié¢, M., Stojiljkovi¢, D., Jovanovi¢, V., & Mani¢, N. (2018a). Comparison of
experimental methods for characterization of raw biomass as a key factor for
sustainable biomass utilization. Paper presented at the Humboldt Kolleg,

M34

M34

M34



,Sustainable Development and Climate Change: Connecting Research, Education,
Policy and Practice”, Belgrade, Serbia.

Pijovi¢, M., Jankovi¢, B., Stojiljkovi¢, D., Radojevié, M., & Mani¢, N. (2019).
Thermoanalytical characterization of various biomass feedstocks for assessments of

light gaseous compounds and solid residues. Paper presented at the International M34
Conference of Experimental and Numerical Investigation and New Technologies

(CNN TECH 2019), Zlatibor, Serbia.

* Mpema MpaBWMAHUKY O MOCTYMKY, HaYMHy BPeaHOBatba M KBAHTUTATUBHOM WMCKasMBakby HayYHOMCTPAXKMBAUKMX
pesynTaTa UcTpaykmMBaya, MUHUCTapCTBa NPOCBETE, HayKe M TeXHONMOLWKOr pa3Boja Penybanke Cpbuje

HaBepeHe pedepeHue nokasyjy Aa je KaHAUAAT OBNafa0o MeTogamMa eKCnepumeHTanHor
MCNUTUBAHA FOpMBa NMPUMEHOM TEePMOrpaBMMETpUje, Kao U eBanyaumje AobujeHux nogaTaka y
UMby npeunsHuje KapakTepusauuje ropuMa W OLEHe Herose nogobHOCTM 33 NPUMEHY Y
eHepreTcKe cBpXe, ycnen yera cy ogpehuBaHn U KUHETUUYKM NapaMeTpy TEPMOXEMMjCKMX NpoLueca
KoHBep3uje. lNopen Tora, pag Koju je TPEHYTHO Nog PeBM3NjOM Yy BPXYHCKOM mehyHapoaHom
yaconucy Biomass and Bioenergy, NpUMapHO je yCMepeH Ka racHoOj aHa/u3u ropusa npu
TEPMOXEMMUJCKMM  MNpoLecMMa KOHBep3uje MNpUMMEHOM MaceHe CnekTpomeTpuje, rae je
npeAcTaB/beH HOBM MPUCTYN aHa/iM3e NojaTtaka, YMme ce yKasyje Ha cnocobHOCT KaHauAaTa 4a
pa3Buje HOBY MeTOLONOINjy U NpeaioXn HoBe KoHuenTe y obnactu anceptaumje.

1.4 OueHa nogobHOCTM KaHAMAATA 3a paa Ha NpPeanoXKeHOoj TemMu

CBOjuM AocadallbMM UCTPaXKMBAYKUM aKTUBHOCTMMA KaHauaat Munow b. Pagojesuh je
ncnosbMo notpebaH KBA/JIUTET, 3aMHTEPECOBAHOCT, CMOCOOHOCT M CTPYYHOCT 3@ HAy4yHU W
NCTPaXKMBaYKkM paa. Myb6anMKoBaHW U MU3NOXKEHWU PAJOBM Yy YAacoOMMCMMA M Ha KOHdpepeHuujama
yKa3yjy Ha noTeHuujane KaHAuZaTa Aa ce 0aBM KaKO TEOPMUJCKMUM, TaKO M  CNOXMKEHUM
eKCnepMMeHTaIHMM UCTPAXKMBAHbMMA.

C 0631pom fa cy Aocagalwbn 06jaB/beHN PafoBU U UCTPAKMBAYKA AENAaTHOCT KaHauMAaTa
CYWTMHCKM NOBe3aHW Ca Hay4yHomM obnawhy Kojoj npunaga Tema npenioKeHe [OOKTOPCKe
AncepTaumje, KOMUCKja cMaTpa 4@ KaHAMAAT MMa HayyHO-CTPYYHY YCMepPeHOoCT y obnactu Koje
NOKpMBa NpegnoXKeHa Tema.

Ha ocHoBy 6uorpadckux nopataka KaHAMAATA, MONOMKEHUX WCMAUTA Ha AOKTOPCKUM
CTyAMjama, HeroBmMx Hay4YHMUX U CTPYYHUX aKTUBHOCTU, aPUHMTETA, MCKA3aHOT MHTEPECOBakba, KAo
n objas/beHnx papgosa, Komucmja 3akmbydyje ga KaHanaat Munow b. Pagojesuh uvcnyrasa
notpebHe ycnose U aa je ocnocobsbeH 3a ycnelwaH CaMOCTalHU TEOPUJCKM U eKCNepUMEHTAHU
pag Ha NpeanoXKeHoj TeMn LOKTOPCKe ancepTtaumje.

2. NPEAMET PAJA

MNpeomeT [OOKTOpPCKe AucepTauuje je aHanusa pasaMynTUX TEePMOXEMMUjCKMX MpoLleca
KOHBep3uje, Kao WTO Cy NMpoausa, racuduKkaumja u caropesarbe, npu kopuwhewy buomace y



eHepreTcke cBpxe, ynoTpebom cumynTaHe TepmasHe aHa/nM3e W MaceHe CNeKTpoMeTpuje.
CumynTaHa TepmanHa aHasM3a npeacrtaB/ba CNoj TepmorpaBMmeTpuje U andepeHuunjanHe
TepMasHe aHanM3e AN AuHamuyKe audepeHumjanHe Kanopumetpuje. MNojeguHadyHa npumeHa
HaBedeHUX MeToda NOo3HaTa je NpuM UCIUTUBAKY Yr/beBa WAW, ca Apyre cTpaHe, aHanuse
XxeMuKanuja. Mnak, uctoBpemeHa NnpumeHa NOMeHYTUX MeTOAa, @ HAPOUYUTO Ha NpuMepy Buomace,
je BeoMa mMano MCTparkeHa 061acT U TPeHYTHO NpeacTaB/ba jefHY Of, aKTYE/IHUX UCTPAKMBAYKMX
obnactu y gomeHy nuctpaxmsarba moryhHoctn Kopuwhera bnomace y eHepreTcke cepxe. Takohe,
racHa aHaau3a Npu KoHBep3uju buomace kKopuwherem MaceHe CNeKTpoOMeTpuje je NPUANYHO
HeucTpaxeHa, a ¢ o063upom Ha moryhHocT ga ce y JlabopaTopmju 3a ropuBa M caropeBare
MawwnHckor dpakynteTa y beorpagy oHa BpLmM ynopeao y3 CMMyATaHy TePManHy aHanusy, otBapajy
ce moryhHOCTM 3a dopmMMpatbe HOBUX METOAA M aHanAM3a Npu KapakTepusauumju ropusa. Y uumwby
carnefjaBakba LWTO LWMper oncera npumeHe 6GuMomace y eHepreTcke cBpxe wan pobujarba
buomaTtepujana, WTO 3ajeHO UYMHW CaBpPeMeHM KoHuenT 6uopaduHepuje, TOKOM
eKCnepuMeHTasIHUX ucnuTMBarba Hbuhe KopuwheHe apsBHa M nosbonpuepesHa 6Momaca, Kao u
OpraHCKM Aeo KOMyHanHor otaga.

3. HAYYHU UU/b PALA

OcHOBHU UW/b U3pade NpeanorkeHe OOKTOPCKe AucepTauuvje O4HOCU ce Ha AeTasbHy
KapaKTepusaunjy 6uomace Kao ropmBa Ha <¢yHOAAMEHTAaIHOM HMBOY, KOja noapasymesa
naeHTUOMKaLumjy U aHaNM3y racoBUTUX MpoAyKaTa npoueca TepmuyKke pasrpagre y3 nomoh
eKcrnepuMmeHTaNHUX MeTofda CUMYNITaHe TepmanHe aHaause UM maceHe cnektpometpuje. C
063MpOM Ja CMMy/ATaHa TepmajsHa aHanu3a nogpasymeBa TEPMOrPaBUMMETPUCKY aHanu3y W
AndepeHumjanHy TepmanHy aHanu3y Koje ce BplUe MCTOBPEMEHO Ha WMCTOM Y30pKYy uYume je
omoryheHa pgeTasbHa aHanM3a npoueca TepmoxeMujcke KoHBep3uje. MNMopen Tora Kopuwherem
TepMorpaBumeTpujcke aHannse moryhe je oapeanTn KMHETUYKE NapameTpe Npu TEPMOXEMMUjCKO]
KOHBEpP3Mju ropuBa, Kao LWTO Cy eHepruja akTuBauuje M npea-eKCnoHeHumjanHu akrop,
NPUMEHOM Pas3INYUTUX MeToda M mogena. Takohe, moryhe je pobutM M nopatke TexHUYKe
aHanunse y 3HaTHO Kpahem BpemMeHCKOM Mmepuoay y O4HOCY Ha CTaHAApAHY MeToAy YKONIMKO ce
npouec oasuja y oarosapajyhum ycnosuma (aTmocdepa, Temnepatypa, 6p3mHa 3arpeBama). C
0631Mpom Aa ce NpMMeHOM TepMOrpaBMMeTpMje y30pakK 3arpesa A0 KOHAYHe TemnepaType Marbnum
6p3nHama 3arpesatrba (1 — 50 (150) °C /min) oA, oHUX Koje ce jaB/bajy Y CTBAPHUM yCA0BMMa paja,
omoryheHo je onucat dase pasnarakba MaTepujana OAHOCHO CTPYKTYpPanHO ra gedpuHucaTw.
Cno3HajomM TaKBMX AeTasba, O4HOCHO Npeun3HUm oapefhBatbem KapaKTepPUCTUYHMX TeMnepaTypa
NPY TEPMOXEMMjCKOj KOHBEP3UjU TOPUBA, AA/bUM PASOM je moryhe onTMMM30BaTU U MHAYCTPUCKM
npouec y Kojem ce MCNUTUBAHO FOPUBO KOPUCTU.

Ca ppyre cTpaHe, MaceHOM CMEKTPOMETPMjOM MOry ce A0bUTU eKCnepuMeEHTaNHU NoAauUN
0 npouecy AeBosatuausauumje 6uomace OAHOCHO KBANUTAaTUBHO MAEHTUOUKOBATU racoBuTte
KOMMOHEHTE Koje YMHe BONATW/e, Ha OCHOBY Yera je moryhe ogpeguTv HUXOB CacTaB U Ha Taj
HaunH dopmmpaTtn TemnepatypHe npodune ocnobaharba nojeguMHUXx KOmnoHeHTU. Mpernegom
nntepaType YCTAHOB/bEHO je Aa ce uaeHTMPUKauMja racoBa MOXKe 3Ha4yajHO yHanpeauTu
AEeTa/bHMjOM aHaNM30M CBAKOT AeTeKTOBaHOTr maceHor 6poja. Teopujckn, naeHTMPUKoBaHe racose
je moryhe KBaHTMOMKOBATU, MehyTUM, NOCTOje pa3nyMTa TEXHUYKO-TEXHO/IOWKA OrpaHMUYeHa Y
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dopmupary Takee npoueaype, wTo he npepctas/bat nocebaH M3a30B nNpu U3pagum oBe
OOKTOpCKe ancepTaumje.

4. NONNA3SHA XUNOTE3A UCTPAXKUBAHA

Mako ce wucnutuMBarbe yr/beBa MNPUMEHOM TepmorpaBumeTpuje Bpwn Beh HEKOAUKO
AeueHunja, ynotpeba cumynTaHe TepmanHe aHa/M3e CBaKaKo OTBapa HoBe moryhHocTM 3a
AeTa/bHWjy aHanm3y ropmea. bomaca Koja je TpeHyTHO y GOKycCy, Kao ropusBo Koje 61, cBaKako y3
Apyre obHoOB/bMBE M3BOPE eHepruje, Morna Aa AeNMMUYHO 3aMeHu documaHa ropusa, Beoma je
pa3HO/MMKA MO CBOjUM KapaKTepucTMKama, npe ceera 36or ceBor nopekna. base nopgataka ca
KapaKTepucTMKama pasnimuntux Tunosa bGuomace v gasbe cy y ¢asm uspase n gonyHe, WTO 3HAYM
[a W pasbe BeNMKM Bpoj UCTparkMBava pasIMuMTUM MeTodama UCnuTMBarba bvomace Texu Aa
NPUKYNW WTO WKUPKU cnekTap MHGopmaumja y LM/by KBAUTETHU]je KapaKTepu3aumje bBuomace Kao
ropmsa. Mako noctoje pasnuMumMte meToe 3a KapaKTepusauujy ropusa, CMMy/aTaHa TepmasiHa
aHa/NMn3a je cBaKaKo HajHOBMja M MpYyKa HajaeTasbHUje pe3ysTate Koju ce aobwujajy 3axsasbyjyhu
HEHOM MpeLm3HOM paay Kopuwherem mane KoanumHe y3opka (5 go 40 munurpama) y ctporo
KOHTpOAUCaHOj aTmochepn n npu oapeheHom pexumy 3arpeBara. Ha Taj HaumH moryhe je
[06UTK K/byyHe noaaTke 0 GyHAAMEHTAIHUM KapaKTepucTMKama ropusa. lMopea Tora, npMmeHa
MaceHe CnekTpoMeTpuje Ha y3opKe Bromace je Tema Koja 40 Cafa HUje AeTa/bHO UCTPaXKeHa WTo
Aaje NpocTop 3a OCTBapuBakbe HOBWUX, A0 Caja HeobjaB/beHWX pes3ynTtaTta, 3HadvajaH. MaceHa
CNeKTPOMETPMUja je TEXHMKA Koja je NpucyTHA Beh HEKONMKO AeleHunja, Kao U TepMOrpaBUMeTpHUja,
anu je keHa NpMMeHa Mame pPacnpocTparbeHa, NPy Yemy je yrnagHOM OrpaHu4yeHa Ha NPUMeHy y
xemujcke cspxe. Cnpesarbem TepMmorpaBMmeTpuje U MaceHe CnekTpomMeTpuje BpLImn ce CUMYNTaHOo
UCNNTUBaAHbe Ha MUCTOM Y30pKY, YMMe ce nojauu racHe aHasause, BPEMEHCKU U TemnepaTtypHo,
noBesyjy ca NPOMeHOM mace. JeJaH o4 Uu/beBa OBOI UCTParkKMBakba je Aa ce noaauun AobujeHn
NPMMEeHOM MaceHe CNeKTpoOMeTpUuje NCKoOPUCTe NPUINKOM KapaKkTepusaumje ropmsa, ca uubem aa
ce M3BPLWN ONTUMU3ALMja EHEepreTCKMX U eKONOLWKUX KapaKTepucTMKa npoueca TepMoOXemujcke
KOHBep3uje ropusa.

Ncnutnearem Benukor 6poja pasnanumtux ysopaka, buhe npukyn/beHn nogauu Koju
omoryhaBajy Aa ce ycnoctaBe oprosapajyhe 3aKOHMTOCTM NOHAawara 3a oapeheHe Tunose
buomace. C ob3nMpom Ha Beoma orpaHuyeH 6poj nogataka y oBoj 06,1aCTU, @ Ha OCHOBY
NPUKYyN/beHMX noaaTtaka, buhe popmupaHa 6a3a nogataka Koja he omoryhutn npunarohaBarse
oaroBapajyhux matemaTUykmx mogena tvuny KopuwheHe 6uMomace M npouecy TepmoxeMujcke
KOHBEp3uje U TUMe NpeacTaB/baTh 3HaYajaH Hay4YHW AONPUHOC.

Y HacTaBKy ce HaBoAM nuTepaTypa Koja obyxBaTa npobnemaTtuKy Koja je yTuuana Ha
NOKpeTake UCTPaXKMBatba NpeaBuheHMX y OBOj AOKTOPCKOj ANCepTaLMju:

[1] Carpenter, A. M., & Skorupska, N. M. (1993). Coal combustion: analysis and testing (Vol. 1).
London, UK: IEA Coal Research

[2] Skreiberg, A., Skreiberg, @., Sandquist, J., & Sg¢rum, L. (2011). TGA and macro-TGA
characterisation of biomass fuels and fuel mixtures. Fuel, 90(6), 2182-2197.
doi:https://doi.org/10.1016/j.fuel.2011.02.012

[3] Bridgwater, A. V. (2013). Advances in thermochemical biomass conversion: Springer Science &
Business Media.



[4] Apaydin-Varol, E., Polat, S., & Putun, A. (2014). Pyrolysis kinetics and thermal decomposition
behavior of polycarbonate - a TGA-FTIR study. Thermal Science, 18, 833-842.
doi:10.2298/TSCI1403833A

[5] Deb, P. (2014). Kinetics of heterogeneous solid state processes: Springer, New Delhi.

[6] Burnham, A. K. (2017). Global Chemical Kinetics of Fossil Fuels: Springer International
Publishing.

[7] Vyazovkin, S., & Wight, C. A. (1998). Isothermal and non-isothermal kinetics of thermally
stimulated reactions of solids. International Reviews in Physical Chemistry, 17(3), 407-433.
doi:10.1080/014423598230108

[8] Vyazovkin, S., Burnham, A. K., Favergeon, L., Koga, N., Moukhina, E., Pérez-Maqueda, L. A., &
Sbirrazzuoli, N. (2020). ICTAC Kinetics Committee recommendations for analysis of multi-step
kinetics. Thermochimica Acta, 689, 178597. doi:https://doi.org/10.1016/j.tca.2020.178597

[9] Radojevi¢, M., Bala¢, M., Jovanovié, V., Stojilikovi¢, D., Mani¢, N. (2018). Thermogravimetric
kinetic study of solid recovered fuels pyrolysis. Hemijska Industrija, 72(2).

[10] Radojevi¢, M., Jankovié, B., Jovanovié, V., Stojiljkovi¢, D., Mani¢, N. (2018). Comparative
pyrolysis kinetics of various biomasses based on model-free and DAEM approaches improved with
numerical optimization procedure. PLOS ONE. 13(10).

[11] de Hoffmann, E., & Stroobant, V. (2007). Mass spectrometry: principles and applications (3
ed.). Chichester, West Sussex PO19 85Q, England: John Wiley & Sons Ltd.

[12] Greaves, J., & Roboz, J. (2013). Mass spectrometry for the novice: CRC Press.
[13] Gross, J. H. (2017). Mass Spectrometry: A Textbook (3 ed.): Springer International Publishing.
[14] Thompson, J. M. (2018). Mass Spectrometry: New York: Jenny Stanford Publishing.

[15] Smoluch, M., Grasso, G., Suder, P., & Silberring, J. (2019). Mass Spectrometry: An Applied
Approach: John Wiley & Sons.

[16] Vamvuka, D., Sfakiotakis, S., & Saxioni, S. (2015). Evaluation of urban wastes as promising co-
fuels for energy production - A TG/MS  study. Fuel, 147, 170-183.
doi:https://doi.org/10.1016/j.fuel.2015.01.070

[17] Vamvuka, D., Sfakiotakis, S., Pazara, E., & Panopoulos, K. (2016). Kinetic modeling of five
sustainable energy crops as potential sources of bioenergy. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, 38(12), 1812-1818. d0i:10.1080/15567036.2014.1002949

[18] Salema, A. A, Ting, R. M. W., & Shang, Y. K. (2019). Pyrolysis of blend (oil palm biomass and
sawdust) biomass using TG-MS. Bioresource Technology, 274, 439-446.
doi:https://doi.org/10.1016/j.biortech.2018.12.014

Y nutepatypu [1] cymmnpaHe cy eKcnepMmeHTanHe MeToAe UCNUTUBAHA YI/ba KAo YBPCTOr rOpuUBa,
mehy Kojuma je n TepmanHa aHanmsa. OnwTy NPUHLMNN UCNUTUBAHA W NPUKa3aHa MeToa010ru1ja
npeacTaB/ba/in Cy OCHOB 3a MOYeTaK pa3Boja MeToda 3a ucnuTMBarbe Buomace. Mpowmrpusare
meToAo/iIorvje ycnegmno je npumeHom nautepatype [2] u pagosa u3 360pHMKa [3], wTo je
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omoryhuao noyeTak UCTParKMBakba XEMUjCKE KMHETUKE NpoLeca TepManHOr pasnarara bruomace.
Y paay [4] cymupaHe cy Hajuewhe KopuwheHe meToze 3a NpoueHy M A06Mjarbe KMHETUYKUX
napameTapa TePMOXEMMjCKMX MNpoueca KoHBep3uje OBMOmace, AOK Cy OHe npowupeHe y
nutepatypu [5] n [6]. Aytopu u3 pedepeHum [7] n [8] 6aBuan cy ce pasBojem COMCTBEHE
MeToA0/10rnje, WTO je yTuUano Ha npunarohaBatbe noctojehmnx ekcnepumMeHTaNHUX npoueaypa u
KMHETUYKUX MeToAa Yy LW/by UCNUTUBaAHba Buomace y Jlabopatopumju 3a ropusa n caropesarbe. Ha
OCHOBY YCBOjeHe meTtogosioruje, objas/beHn cy pagosu [9] m [10]. HakoH npwunarohasarba
eKcnepumMeHTasHUX meToga ypehaja 3a cMmynTaHy TepmanHy aHanusy, GoKyc UCTpaKkuBarba ce
NpoLmMpyje Ha MaceHy cnekTpomeTpujy. Ha noyeTKy usydaBama, K/bydyHe MHPopmauuje gobunjeHe
cy u3 [11-15] y Kojuma je aeTas/bHO onucaHa npobsemaTMKa mMaceHe CneKTpomMeTpuje, NPUHLMMIN
paga MaceHor CNeKTpoMeTpa U APYrnux cuctema y okBupy rera. Hayuynun pagosu [16-18] 6aBe ce
aHanM30M pes3ynTata MaceHe ChneKTpoMeTpuje, ann HeAoBO/bHO npunaroheHo notpebama
MCTPaXKMBatba Yy OKBMPY OBE [AOKTOPCKe aucepTtauuje. Ycnen Tora, yo4yeH je npocTop 3a
npowupere MeTo[0N0rvje U npeasiora HOBOF MNPUCTyNa NpUM aHanM3uM eKCnepuMeHTaANTHUX
nogartaka Ao6ujeHnx MaceHOM CNeKTPOMETPUjOM.

5. HAYYHE METOAE UCTPAXKUBAA

3a notpebe uctparknBaykor paaa kopuctuhe ce onpema npoussohaya NETZSCH, TauHuje
CUMYNTaHU TepMmanHu aHanmnsaTtop STA449F5 Jupiter® n macenu cnektpometap QMS403D Aéolos
KOju Cy MOBE3aHW KBAPLHOM Kanuiapom npevyHuka 76 pm. CUAMKOH-KapbugHa neh yHyTap
CUMYNTaHOr TEPMaJIHOT aHanM3aTopa MoXe ce 3arpesaty b6psuvHom og 0,001 ao 50 °C/min, a
MaKcMMmanHo go temnepaTtype og 1600 °C. Y 3aBMCHOCTM o4, TMNA Mepera, Kopuctuhe ce
pasinMunTM  Hocauum y3opkKa: TG-DTA, 33 cuMMyATaHy aHaAM3y TepMOrpaBMMeTpuje WU
andepeHumjanHe TepmanHe aHanmse u TG-DSC, 3a cMmyAnTaHy aHanuM3y TepMoOrpaBUMeTpuje m
ANHamMmnuKe gudepeHumnjanHe kanopumetpuje. Mocyae y Koje ce nocTaB/ba y30paK nspaheHe cy oa
anymuHnjym okcnga (Al,0s), a atmocdepa y Kojoj he ce oaBmjaTn meperba buhe merbaHa y cknagy
ca notpebama eKkcnepumeHTa - Of, WHEepTHe A0 NOTNYHO OKCUAALMOHE M TO Kopuwherem
Pa3NMYNTUX racoBa (a30T, KNCEOHWUK, CUHTETUYKM Ba3AyX WU aproH).

MaceHn cneKkTpomeTap MOXe Ja CKeHWpa monapHe mace y pacnoHy og 0 — 300 amu
(aTomcknx maceHux jegmHnua). Minak, 3a notpebe ekcnepumeHaTa, MakCMMasiHa CKEHMpPaHa Maca
Hehe npenasutn 100 m/z (ogHOC Mace W HaenekTpucakba aTomMa WAM MONEKyNa [AeTeKToBaHe
mMmaTepuje), ¢ 063Mpom aa ce M3HaA, Te BPeAHOCTU jaB/bajy GpParMeHTU OPraHCKUX KOMMOHEHTH, a
KOju 360r Hel0BO/bHE KOJIMYMHE U OCET/bUBOCTM He BU moran aa byay AetektoBaHu, Beh 6u ce
BMAENM CaMO Kao Wym curHana. Oa tunoBa mepemwa KopuwheHn cy MID mn Bargraph. Kanunnapa
Koja nose3yje QMS403D u STA449F5 nocrtaB/beHa je yHyTap rpejaHe UeBW, KOja ce CTajHOo
oapkaBa Ha 270 °C Kako bu ce cnpeynna KOHAEH3aunja KOMNOHEHTU Koje ce ocnobahajy Tokom
MepeHa 1 yBOAEe Y MaceHU CreKTpomeTap.

[JobuvjeHn pesyntatn 6uhe obpahumsaHm nomohy Proteus® coptBepa obesbeheHor ogn cTpaHe
npoussohaya, anm U CONCTBEHUX NPOrpama passujeHux y JlabopaTopuju 3a ropusa n caropesarbe.

6. OYEKUBAHMU PE3YNITATU UCNUTUBAHA U HAYHHU JOMNMPUHOC

e Pa3Boj HoBe nabopaTopujcke meToAe 3a WUCMUTUBAHbE OBUMOMace NPUMEHOM CUMYNTaHe
TepmanHe aHanuse. Hoea meTtoga omoryhuhe npunarohasare napametapa ypehaja oBakBom
TUNY Meperba Y Lu/by Aobujarba NpeumsHmx pesyntaTta (y capagku ca npomssohauem).

e [lpunarohaBatbe noctojehux Mmogena 3a ogpehuBarbe  KUMHETUMYKMX  NapameTapa
TEPMOXEMMjCKUX NpoLeca KoHBep3uje Buomace;



YcnocTaB/bakbe METO4010rMje 33 aHaM3y racoBa Npu TEPMOXEMU)CKOj KOHBEP3NjU Bruomace
NPUMEHOM MaceHe CcnekTpomeTpuje Tj. uaeHTUdMKaumja M AgeNMMUYHA KBaHTUdUKauMja
ocnoboheHnx racosa.

7. N1AH UCTPAXKUBAHA U CTPYKTYPA JOKTOPCKE AUCEPTALIUIE

MnaH UcTpaxknBara y OKBUPY TeMe AOKTOPCKE aucepTaumje cactoju ce u3 cnegehux dasa:

Mpernea v aHanm3a pagosa y pedpepeHTHOj 06nacTy;

Mpernea v cuctemaTnsaumja nocrojeher ctarba UCTpaXKMBama y 061acTM cMMynTaHe TepMalsiHe
aHanu3e N MaceHe CNeKkTpomeTpuje;

AHanusa cuctema 3a CMMYNTaHy TEPMasHy aHaAu3sy U onTMmu3aunja nocrojeher cuctema 3a
CBPXY UCNUTMBaka buomace;

AHanmsa cucTema 3a MaceHy CMeKTpoOMeTpujy n onTummsaumja nocrtojeher cucrema 3a cepxy
ncnuTUBara bomace;

OppehurBartbe KMHETUYKUX MapameTapa TEPMOXEMMjCKMX Mpoueca KoHBep3unje b6uomace y
UW/by AeTa/bHUje KapaKTepu3aumje ropusa, Ha OCHOBY nogaTaka Ao06ujeHuMX cMMynTaHOM
aHanM3oM, Kao W TepManHux edeKkata Be3aHMX 33 AUMHAMWUYKY audepeHunjanHy
KanopumeTpujy;

dopmuparbe Mogena 3a AeNMMUYHY  KBAHTUMKAUMjy racoBa MNPMMEHOM MaceHe
criekTpomeTpuje.
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8. 3AK/bYYAK U NPEANOT

AHanusom npujase Teme KaHanaata Munowa b. PagojeBuha, macT. nHx. maw., Komucuja 3a
oueHy nNogobHOCTM M HayyHe 3aCHOBAHOCTU Teme 3ak/byyyje Aa je NpeasioXKeHa Tema M3y3eTHO
aKTyesnHa u oarosapajyha 3a uspagy AOKTOPCKe AucepTauMje, Kao U Aa KaHAWAAT UCNyHaBa CBe
npeasuheHe ycnose nponucaHe 3aKOHOM O BMCOKOM o06pas3oBakby M CTatyTom MalumHCKor
dakynTeTa, Npu Yemy noceayje UCTparkMBadke CNOCOBHOCTU 3a paj, Ha AOKTOPCKOj AucepTaumju.
Mmajyhn y Bnay cse HasegeHo, Komucmja npepgnaxke Behy poktopckux ctyamja MawmHckor
dakynTeta YHuBep3uteTa y beorpaagy aa ce kaHamaaty Munowy b. PapgojeBuhy, macT. MHX. maL.
cTyAeHTy JloKTopcKkux ctyamja MawwuHckor ¢dakynteta YHuMBep3uTeTa y beorpaay, onobpu uspaga
OOKTOpCKe gucepTaumje noa HasMBoM:

»,KBanutatueHa ngeHtuduKaymja racoBUTMX NpoayKaTa TepMmoxemmnjcke KoHsepsuje 6uomace
NPMMEHOM CMMY/ITaHe TepMa/iHe aHa/In3e U MaceHe cnekTpomeTpuje”.

Tema npunaga o06NaCTU TEXHUYKMX HAYKA — MALWMHCTBO, YXKOj Hay4yHOj obnactm —
TEXHONOrMja MaTepujana - MOrOHCKM MaTepujaan U caropesate, 3a Kojy je MalwmnHckn dakyntet
YHusep3uteTa y beorpagy matunuaH. 3a meHTOpa OBe OOKTOPCKe AucepTauuvje npegnarky ce ap
Hebojwa MaHnuh, guna. nHx. maw., BaHpegHu npodecop MawmHCKor pakynteta YHuUBep3uTeTa y
beorpagy v ap bojaH JaHkosuh, gunn. ¢u3. xem., BUWMKM HaAy4yHU capagHUK UMHCTUTYTa 3a
HyK/neapHe Hayke ,,BuH4ya” YHuBep3uteta y beorpaay.

beorpag, 22.06.2020.

YN1AHOBU KOMUCUIE

Ap Aparocnasa CrojusbKkoBuh, pegoBHu npodecop

Ap Bnagnmup JoBaHosuh, goueHT

Ap Jbumwana Meguh Mejuh, Polytechnic University
of Madrid (UPM), Department for Energy and Fuels,
Madrid, Spain
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UNIVERSITY OF BELGRADE
Faculty of Mechanical Engineering

To:

COUNCIL FOR DOCTORAL STUDIES

Subject: Evaluation of scientific soundness of the doctoral dissertation topic and eligibility of the
Candidate Milos Radojevic¢, Ph.D. student

By decision no. 624/3 of Educational and Scientific Council of the Faculty of Mechanical
Engineering, University of Belgrade, made on 04.06.2020, we were appointed for the members of
the Committee for evaluation of eligibility the candidate and scientific soundness of the topic of
the doctoral dissertation of Milo$S Radojevi¢ (hereinafter the Candidate), a PhD student at Faculty
of Mechanical Engineering, University of Belgrade. The proposed topic of the doctoral dissertation
is:

Qualitative identification of gaseous products during biomass thermochemical conversion
processes using simultaneous thermal analysis and mass spectrometry

KsanurtatueHa naeHTMdMKaLmja racoBUTUX NpoAyKaTa TepMOXeMUjCKe KOHBep3uje buomace
NPUMEHOM CUMYNTaHe TepMaJiHe aHa/I3e U MaceHe CNeKTpomeTpuje

Based on the material enclosed with the Candidate’s Request, the Committee submits the
following

REPORT
1. PRINCIPAL INFORMATION ABOUT THE CANDIDATE
1.1. Biographical data

Milos Radojevi¢ was born on 27" of September 1992 in Belgrade. The Candidate has
completed Bachelor studies at University of Belgrade, Faculty of Mechanical Engineering in 2014,
with average grade of 9,71, while Master’s Degree was completed at the same institution in 2016
in the field of Thermotechnics, with average grade of 9,45. M.Sc. thesis entitled “Experimental
investigation of wood biomass pellet combustion in small scale stove”, was mentored by assistant
professor Nebojsa Mani¢. The Candidate enrolled Ph.D. studies in 2016. in Department for
Engineering Materials and Welding, Tribology, Fuels and Combustion, mentored again by assistant
professor Nebojsa Mani¢.

From 04.2017. to 04.2018. the Candidate was granted the scholarship financed by Ministry
of education, science and technological development, based on his involvement in project 11142010
— Pollution Reduction from Thermal Power Plants of the Public Enterprise “Electric Power Industry
of Serbia”. He has been employed by University of Belgrade, Faculty of Mechanical Engineering
since 10.04.2018.



During Ph.D. studies, the Candidate has finished all exams in time, which ensured him
financing of his studies from the budget of Republic of Serbia. Meanwhile, he has been constantly
involved in experimental research related to his Ph.D. thesis and he co-authored many scientific
papers, which have been either presented and published in conference proceedings or scientific
journals. Considering the fact that thesis subject requires multidisciplinary approach, he has
established close cooperation with Bojan Jankovi¢, Ph.D. Physical Chemistry, who is employee of
University of Belgrade, Institute of Nuclear Sciences “Vinca“. NebojSa Manié¢ and Bojan Jankovic¢
made significant contribution to Candidate’s work especially by fundamental explanations of
analyzed physicochemical processes and therefore contributed to forming the concept of
Candidate’s thesis, after which he eventually became Candidate’s co-mentor.

In collaboration with primary mentor Nebojsa Mani¢ and other members of Fuel and
Combustion Laboratory, Candidate was granted with special training and specialization in Netzsch
Headquarters, located in Selb, Germany and with collaboration with Polytechnic University of
Madrid (UPM).

1.2. Acquired experience necessary for scientific research

The Candidate enrolled the Ph.D. degree studies at Faculty of Mechanical Engineering,
University of Belgrade, in November 2016. The status of the Candidate is in agreement with the
Law on higher education of the Republic of Serbia. In course of the doctoral studies, the Candidate
has so far obtained 120 ECTS passing all the exams with the average mark 9,93. The list of the
courses taken by the Candidate is given below.

Semester
No. Course Professor Mark
/ ECTS
Advanced course in mathematics Slobodan Radojevi¢ 1/5 10 (ten)
Numerical methods Miodrag Spalevic¢ 1/5 10 (ten)

Organization and methods of scientific L L
3. o Milo$ Nedeljkovi¢ 1/5 10 (ten)
research and communication

Fuels and selected topics in

4. . Dragoslava Stojiljkovic¢ 1/5 10 (ten)
combustion

5. Research and publication — 1 Nebojsa Manic 1/10 10 (ten)
Selected chapters in fluid mechanics Cvetko Crnojevic¢ 2/5 9 (nine)

Regimes and energy efficiency of
7. 8 &Yy y Aleksandar Jovovié 2/5 10 (ten)
thermal power plants

8. Environmental aspects of combustion Dragoslava Stojiljkovic¢ 2/5 10 (ten)

9. Research and publication — Il Nebojsa Manic 2/15 10 (ten)
Principles and concepts of industrial . »

10. . . Dejan Radi¢ 3/5 10 (ten)
air pollution
Measurement techniques in L

11. . Dragoslava Stojiljkovi¢ 3/5 10 (ten)
combustion

12. | Research and publication — Il Nebojsa Manic 3/20 10 (ten)

13. | Research and publication — IV Nebojsa Manic 4/8 10 (ten)




. . Dragoslava Stojiljkovi¢, Nebojsa
14. | Elaboration of Ph.D. thesis proposal .. o ., 4/22
Mani¢, Vladimir Jovanovic

10 (ten)

Candidate has co-authored numerous scientific papers, either at international scientific

conferences and in scientific journals, where most of journals are categorized as Q1 and Q2.

As of April 2017, Milos Radojevi¢ has been engaged in the Technology Development
Program of Serbian Ministry of Education, Science and Technology Development project “Pollution

Reduction from Thermal Power Plants of the Public Enterprise Electric Power Industry of Serbia”,

project no. 11142010. The research made for the purpose of the doctoral dissertation was partly

funded through this project.
1.3 Scientific publications

Scientific publication

Category*

Pijovi¢, M., Jankovi¢, B., Stojiljkovi¢, D., Radojevi¢, M., & Manié, N. (2020). Thermo-
Analytical Characterization of Various Biomass Feedstocks for Assessments of Light
Gaseous Compounds and Solid Residues. Paper presented at the Computational and
Experimental Approaches in Materials Science and Engineering, Cham.
doi:10.1007/978-3-030-30853-7_9

M14

Radojevié, M., Jankovi¢, B., Jovanovié, V., Stojilikovi¢, D., & Mani¢, N. (2018).
Comparative pyrolysis kinetics of various biomasses based on model-free and DAEM
approaches improved with numerical optimization procedure. PLOS ONE, 13(10).
doi:10.1371/journal.pone.0206657

Manié, N., Jankovi¢, B., Wasis, H., Stojiljkovi¢, D., & Radojevi¢, M. (2020). Advanced
Distributed Reactivity Model for the Static Pyrolysis of Corn Stover Feedstock. MATCH
Communications in Mathematical and in Computer Chemistry.

Jankovi¢, B., Mani¢, N., Dodevski, V., Radojevi¢, M., & Stojiljkovi¢, D. (2019). Kinetic
study of oxy-combustion of plane tree (Platanus orientalis) seeds (PTS) in O2/Ar
atmosphere. Journal of Thermal Analysis and Calorimetry. doi:10.1007/s10973-019-
09154-z

Radojevi¢, M., Jankovié¢, B., Stojiljkovi¢, D., Jovanovi¢, V., & Mani¢, N. (2020).
Improved TG-MS Measurements for Accurate Evolved Gas Analysis During Pyrolysis
Process of Various Biomass Feedstock. Biomass and Bioenergy. (UNDER REVIEW)

M21

M21

M21

M21

Mani¢, N., Jankovi¢, B., Stojiljkovi¢, D., Jovanovi¢, V., & Radojevi¢, M. (2019). TGA-
DSC-MS analysis of pyrolysis process of various agricultural residues. Thermal Science,
23(Suppl. 5), 1457-1472. doi:10.2298/TSCI1180118182M

Jankovi¢, B., Radojevic, M., Bala¢, M., Stojiljkovi¢, D., & Manié¢, N. (2020 OnLine-First).
Thermogravimetric study on the pyrolysis kinetic mechanism of waste biomass from
fruit processing industry. Thermal Science(00), 191. doi:10.2298/TSCI200213191)

M22

M22




Radojevi¢, M., Bala¢, M., Jovanovi¢, V., Stojiljikovi¢, D., & Mani¢, N. (2018).
Thermogravimetric kinetic study of solid recovered fuels pyrolysis. Hemijska
Industrija, 72(2), 8. doi:10.2298/HEMIND171009002R

M23

Radojevi¢, M., Manié, N., Jovanovi¢, V., & Stojiljkovié¢, D. (2017). Methodology and
challenges of calibrating the instrument for simultaneous thermal analysis. Paper
presented at the DEMI 2017 - 13th INTERNATIONAL Conference on Accomplishments
in Mechanical and Industrial Engineering, University of Banja Luka, Faculty of
Mechanical Engineering.

Mani¢, N., Jovanovi¢, V., Radojevi¢, M., & Stojiljkovi¢, D. (2017). Estimation of kinetic
parameters for biomass thermochemical conversion using TGA. Paper presented at
the Industrial energy and environmental protection in South Eastern European
Countries - IEEP 2017, Zlatibor, Serbia.

Manié, N., Stojiljkovi¢, D., Jovanovi¢, V., & Radojevi¢, M. (2018). The assessment of
spontaneous ignition potential of coals using TGA. Paper presented at the
International Conference Power Plants, Zlatibor, Serbia.

Radojevi¢, M., Stojiljkovi¢, D., Jovanovi¢, V., Jankovi¢, B., & Mani¢, N. (2019).
Identification of main components of biomass volatiles by STA-MS analysis. Paper
presented at the Industrial Energy and Environmental Protection in South Eastern
European Countries - IEEP 2019, Zlatibor, Serbia.

Manié, N., Jankovi¢, B., Stojiljkovi¢, D., Jovanovi¢, V., Radojevi¢, M., & Castells
Somoza, B. (2019). Evaluation of spontaneous ignition potential for solid biomass
through thermal analysis. Paper presented at the DEMI 2019 - 14th INTERNATIONAL
Conference on Accomplishments in Mechanical and Industrial Engineering University
of Banja Luka, Faculty of Mechanical Engineering, Banja Luka.

M33

M33

M33

M33

M33

Radojevi¢, M., Bala¢, M., Jovanovi¢, V., Stojiljikovi¢, D., & Mani¢, N. (2017).
Thermogravimetric kinetic study of solid recovered fuels pyrolysis. Paper presented at
the International Conference of Experimental and Numerical Investigation and New
Technologies (CNN TECH 2017), Zlatibor, Serbia.

Radojevi¢, M., Stojilijkovi¢, D., Jovanovi¢, V., & Mani¢, N. (2018b). Impact of STA
device calibration on repeatability for biomass proximate analysis. Paper presented at
the Forum on Smart Energy Carriers for Distributed Energy Production: Research and
Innovation Technology Perspectives, University of Belgrade, Belgrade, Serbia.

Radojevi¢, M., Stojilijkovi¢, D., Jovanovi¢, V., & Mani¢, N. (2018a). Comparison of
experimental methods for characterization of raw biomass as a key factor for
sustainable biomass utilization. Paper presented at the Humboldt Kolleg, ,,Sustainable
Development and Climate Change: Connecting Research, Education, Policy and
Practice”, Belgrade, Serbia.

M34

M34

M34



Pijovi¢, M., Jankovi¢, B., Stojiljkovi¢, D., Radojevi¢, M., & Manié¢, N. (2019).
Thermoanalytical characterization of various biomass feedstocks for assessments of

light gaseous compounds and solid residues. Paper presented at the International M34
Conference of Experimental and Numerical Investigation and New Technologies (CNN

TECH 2019), Zlatibor, Serbia.

* According to the criteria of Ministry of Science, Education and Technological Development of the Republic of Serbia

Presented references show that Candidate has mastered experimental methods regarding fuel
testing using thermal analysis experimental techniques. Besides, evaluation of obtained data was
performed along with estimation and determination of kinetic parameters of thermochemical
conversion processes, in order to characterize material as a fuel more precisely and provide the
assessment for material utilization pathways for energy production. Research presented in paper
that is currently under review for journal Biomass and Bioenergy is dealing with detailed evolved
gas analysis during biomass thermochemical conversion using mass spectrometry, where new
approach of data analysis is proposed. Thereby Candidate’s ability to develop new methodology
and to propose new concepts in the research field of his thesis, is proved.

1.4 Evaluation of eligibility of the Candidate to work on the proposed topic

Based on his previous work, Candidate has shown necessary quality, interest, ability and
professionalism for scientific and research activities. Published papers in scientific journals and
presented in scientific conferences indicate Candidate’s potential to deal with both theoretical and
complex experimental research.

Taking in consideration that Candidate’s previously published papers and research activity
are closely related to the scientific field of proposed doctoral thesis, the Committee considers that
Candidate has adequate scientific background in the field of research that is related to proposed
thesis topic. Based on biography, passed exams on Ph.D. studies, published papers and expressed
interest for making progress in science, the Committee concludes that Milo$S Radojevi¢ fulfills all
necessary conditions and that is eligible for conducting successful independent theoretical and
experimental research on the proposed doctoral dissertation topic.

2. SUBJECT OF RESEARCH

The proposed doctoral dissertation topic concerns the analysis of different thermochemical
conversion processes, such as pyrolysis, gasification and combustion, while using biomass as a
fuel, by simultaneous thermal analysis and mass spectrometry. Simultaneous thermal analysis
(STA) represents application of thermogravimetric analysis and differential thermal analysis (DTA)
or differential scanning calorimetry (DSC) simultaneously on the same sample. Individual
application of these methods is well established for coal analysis, or analysis of various chemicals
in chemical industry. On the other hand, simultaneous application of these methods, especially
while using biomass as tested sample, is rarely researched in the past and it is currently one of the
most popular research fields for investigation of possibilities of biomass utlization for energy
production. Besides, methods for evolved gas analysis during biomass thermochemical conversion
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using mass spectrometry are under intensive development. Fuel and Combustion Laboratory at
University of Belgrade, Faculty of Mechanical Engineering has equipment for coupled STA-MS
analysiswhich enable development of new methods and analysis paths for fuel characterization. In
order to encompass the widest range possible for biomass utilization for energy or biomaterial
production, which altogether represents modern concept of biorefinery, experimental tests will
encompass analysis of wood and agricultural biomass, along with biodegradable part of municipal
solid waste.

3. OBJECTIVES OF THE RESEARCH

The main objective of proposed doctoral dissertation is detailed characterization of
biomass as a fuel on fundamental level, which implies identification and analysis of gaseous
products from thermal decomposition processes using experimental methods such as
simultaneous thermal analysis and mass spectrometry. Considering that STA implies simultaneous
application of TGA and DTA/DSC on the same sample, detailed thermochemical conversion
process analysis is possible. Besides, using TGA it is possible to estimate and determine kinetic
parameters of thermochemical conversion processes, such as activation energy and pre-
exponential (frequency) factor, using different methods and models. Also, there is possibility for
estimating proximate analysis data in significantly shorter period compared to standard method, if
the experiment is conducted in precisely defined conditions (atmosphere, temperature, heating
rate). Using TGA, sample is heated up to pre-defined temperature using lower heating rates (1 —
50 (150) °C/min) compared to those that take place in real facilities. That way, it is possible to
describe material degradation, or otherwise, to define it structurally. Knowing such details and by
precise determination of characteristic temperatures during biomass thermochemical conversion,
it is possible to optimize industrial process in further work, where tested fuel shall be used.

On the other hand, mass spectrometry provides experimental data related to biomass
devolatilization process. Basically, gaseous compounds that are contained in biomass volatiles can
be identified, which later allows defining volatiles composition and forming release profiles for
specific gases. Literature review implied that qualitative identification of gases can be significantly
improved by detailed analysis of every detected mass to charge ratio (m/z), which can later be
related to atomic mass unit (amu). Theoretically, based on applied experimental technique it is
possible to quantify identified evolved gases, but due to numerous technical limitations it is not
fully possible. Therefore, forming the methodology for semi-quantification of detected evolved
gases will be especially challenging and rewarding as final output of this dissertation.

4. BASIC RESEARCH HYPOTHESES

Despite the fact that thermogravimetric analysis has been used for coal analysis during
past couple of decades, usage of STA creates new possibilities for more in depth fuel analysis.
Biomass, as a renewable energy source (RES) could possibly, along with other RES, partially replace
fossil fuels in energy sector. On the other hand, it is extremely diverse considering
physicochemical characteristics, especially because of miscellaneous origin. The new database as
valuable source of experimental data with characteristics of various biomass is still under
development. That means that many researchers intensively work on developing new methods for



biomass characterization and try to obtain as much useful data as possible using various methods,
for in detail characterization of biomass as a fuel. Although, there are numerous different methods
for fuel characterization, STA is one of the most advanced and it offers comprehensive results,
thanks to precise measurements which are conducted using small sample masses (5 — 40 mg) in
controlled atmosphere and according to precisely defined temperature program. Besides, STA-MS
measurements of biomass samples haven’t been extensively studied, which opens space for
various achievements in this field of research, as well as obtaining and publishing new results.

Mass spectrometry is a technique that has been present for a few decades, although its use
has not been as extensive as thermogravimetry, while it has been limited to application in
chemical industry. Coupling those two methods, simultaneous tests are conducted on the same
sample, where evolved gas analysis data is directly related to mass change, both temperature and
time related. One of the main goals of planned research in this Ph.D. thesis is to use data obtained
from MS for fuel characterization, in order to optimize environmental and energy characteristics
of biomass thermochemical conversion processes.

After numerous experiments, obtained data will allow establishment of performance
characteristics for specific biomass species. Because of limited amount of data in this field of
research, new database that shall be formed based on obtained data from STA-MS measurements,
will aid adaptation of mathematical models to specific biomass types and thermochemical
conversion process and therefore represent significant scientific contribution.

Hereby is presented relevant bibliography which initiated the topic of this research:

[1] Carpenter, A. M., & Skorupska, N. M. (1993). Coal combustion: analysis and testing (Vol. 1).
London, UK: IEA Coal Research

[2] Skreiberg, A., Skreiberg, @., Sandquist, J., & Sg¢rum, L. (2011). TGA and macro-TGA
characterisation of biomass fuels and fuel mixtures. Fuel, 90(6), 2182-2197.
doi:https://doi.org/10.1016/j.fuel.2011.02.012

[3] Bridgwater, A. V. (2013). Advances in thermochemical biomass conversion: Springer Science &
Business Media.

[4] Apaydin-Varol, E., Polat, S., & Putun, A. (2014). Pyrolysis kinetics and thermal decomposition
behavior of polycarbonate - a TGA-FTIR study. Thermal Science, 18, 833-842.
d0i:10.2298/TSCI1403833A

[5] Deb, P. (2014). Kinetics of heterogeneous solid state processes: Springer, New Delhi.

[6] Burnham, A. K. (2017). Global Chemical Kinetics of Fossil Fuels: Springer International
Publishing.

[7] Vyazovkin, S., & Wight, C. A. (1998). Isothermal and non-isothermal kinetics of thermally
stimulated reactions of solids. International Reviews in Physical Chemistry, 17(3), 407-433.
doi:10.1080/014423598230108

[8] Vyazovkin, S., Burnham, A. K., Favergeon, L., Koga, N., Moukhina, E., Pérez-Maqueda, L. A., &
Sbirrazzuoli, N. (2020). ICTAC Kinetics Committee recommendations for analysis of multi-step
kinetics. Thermochimica Acta, 689, 178597. doi:https://doi.org/10.1016/j.tca.2020.178597



[9] Radojevi¢, M., Bala¢, M., Jovanovié, V., Stojilijkovi¢, D., & Mani¢, N. (2018). Thermogravimetric
kinetic study of solid recovered fuels pyrolysis. Hemijska Industrija, 72(2), 8.
doi:10.2298/HEMIND171009002R

[10] Radojevi¢, M., Jankovié, B., Jovanovié, V., Stojiljkovi¢, D., & Manié, N. (2018). Comparative
pyrolysis kinetics of various biomasses based on model-free and DAEM approaches improved with
numerical optimization procedure. PLOS ONE, 13(10). doi:10.1371/journal.pone.0206657

[11] de Hoffmann, E., & Stroobant, V. (2007). Mass spectrometry: principles and applications (3
ed.). Chichester, West Sussex PO19 85Q, England: John Wiley & Sons Ltd.

[12] Greaves, J., & Roboz, J. (2013). Mass spectrometry for the novice: CRC Press.
[13] Gross, J. H. (2017). Mass Spectrometry: A Textbook (3 ed.): Springer International Publishing.
[14] Thompson, J. M. (2018). Mass Spectrometry: New York: Jenny Stanford Publishing.

[15] Smoluch, M., Grasso, G., Suder, P., & Silberring, J. (2019). Mass Spectrometry: An Applied
Approach: John Wiley & Sons.

[16] Vamvuka, D., Sfakiotakis, S., & Saxioni, S. (2015). Evaluation of urban wastes as promising co-
fuels for energy production - A TG/MS  study. Fuel, 147, 170-183.
doi:https://doi.org/10.1016/j.fuel.2015.01.070

[17] Vamvuka, D., Sfakiotakis, S., Pazara, E., & Panopoulos, K. (2016). Kinetic modeling of five
sustainable energy crops as potential sources of bioenergy. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, 38(12), 1812-1818. doi:10.1080/15567036.2014.1002949

[18] Salema, A. A,, Ting, R. M. W., & Shang, Y. K. (2019). Pyrolysis of blend (oil palm biomass and
sawdust) biomass using TG-MS. Bioresource Technology, 274, 439-446.
doi:https://doi.org/10.1016/j.biortech.2018.12.014

Literature [1] sums up experimental methods for coal analysis as solid fuel, which includes thermal
analysis. Basic experimental principles and presented methodology were the base for further
development of biomass experimental procedures. Methodology expansion came along with [2]
and papers from proceedings [3], which initiated the beginning of kinetic analysis research of
biomass thermal degradation. Paper [4] sums up frequently used methods for estimation and
determination of kinetic parameters of biomass thermochemical conversion processes, while they
are expanded in [5] and [6]. Authors from [7] and [8] have worked on development of their own
methodology, which influenced the adaptation of present experimental procedures and kinetic
analysis methods for biomass analysis in Fuel and Combustion Laboratory. Papers [9] and [10]
were published based on adopted methodology. After adaptation of simultaneous thermal
analysis experimental methods, focus was expanded to mass spectrometry. Key information at the
beginning of research was derived from [11-15], where mass spectrometry is described and
analyzed in detail, as well as principles of operation of mass spectrometer and other systems
within it. Papers [16-18] deal with mass spectrometry data analysis, but not in the extent required
for the research of this doctoral thesis. Therefore, an opportunity for methodology expansion and
proposal of new approach for analysis of data obtained from mass spectrometer, was observed.



5. SCIENTIFIC RESEARCH METHODS

Experimental equipment that will be used in this research is simultaneous thermal analyzer
from Netzsch manufacturer, STA449F5 Jupiter®, coupled to quadrupole mass spectrometer
QMS403D Aéolos, from the same manufacturer, using 76 um quartz capillary. Silicon carbide
furnace that is the heart of the STA can heat the sample using heating rate from 0,001 up to 50
°C/min, while maximum temperature that can be reached is 1600 °C. Two different crucible types
will be used, depending on the measurement type, whether it is TG-DTA (thermogravimetric
analysis and differential thermal analysis) or TG-DSC (thermogravimetric analysis and differential
scanning calorimetry), both made of alumina (Al,03). Experimental atmosphere will be adapted to
measurement needs — from inert to completely oxidazing, using different carrier gases (nitrogen,
oxygen, sintetic air, argon...).

Mass spectrometer can scan masses in the range from 0 — 300 amu. Although, in this
research, highest scanned mass will be 100 amu because all relevant gaseous components fit into
that range and because higher masses represent atomic ions and fragments of organic compounds
which are not contained in tested samples in significant extent. Mass spectrometric
measurements are of MID and Bargraph type. Quartz capillary that is used for TG-MS coupling is
placed inside heated pipe which is heated at 270 °C in order to prevent condensation of gases that
are released during the measurement and then introduced into the MS. Obtained results will be
evaluated using Proteus® software which is developed by the manufacturer, but also by own
programs developed in Fuel and Combustion Laboratory.

6. EXPECTED RESULTS AND SCIENTIFIC CONTRIBUTION

e Development of new laboratory method for biomass analysis using STA. New method will
include adaptation of instrument parameters to this specific measurement type which will
result in obtaining precise results (it will be developed in collaboration with the manufacturer);

e Adaptation of present kinetic models for determination of kinetic parameters of biomass
thermochemical conversion;

e Forming the methodology for a comprehensive evolved gas analysis during biomass
thermochemical conversion using mass spectrometry — identification and semi-quantification
of released gases.

7. RESEARCH STRUCTURE AND PLANNING
Research plan within this doctoral dissertation is consisted of following phases:

e Review and analysis of scientific papers from the referent field of research;

e Review and systematization of current research state in the field of STA-MS analysis;

e Analysis of STA systems and optimization of current instrument properties specifically for
biomass analysis;

e Analysis of MS systems and optimization of current instrument properties specifically for
biomass analysis;

e Determination of kinetic parameters of biomass thermochemical conversion for detailed fuel
characterization, based on data obtained by STA, as well as thermal effects related to DSC;

e Model development for semi-quantification of released gases using MS
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8. CONCLUSIONS AND PROPOSAL

Based on the analysis of the topic of doctoral dissertation proposed by the Candidate, its
objectives and potential scientific contribution, and considering all the relevant information on the
Candidate, MiloS Radojevi¢, Ph.D. student of University of Belgrade, Faculty of Mechanical
Engineering, the Committee finds the topic to be scientifically sound and the Candidate to be
eligible to conduct the research on the proposed topic. Therefore, the Committee proposes to the
Council for Doctoral Studies to approve the work on the doctoral dissertation titled:

Qualitative identification of gaseous products during biomass thermochemical conversion
processes using simultaneous thermal analysis and mass spectrometry

The academic discipline of the proposed doctoral dissertation topic is Mechanical
Engineering. The sub-discipline is Engineering Materials — Fuel and Combustion.

Furthermore, the Committee proposes associate professor Dr. Nebojsa Mani¢ and senior
research associate Dr. Bojan Jankovi¢ to be mentors of the doctoral dissertation.

beorpag, 22.06.2020.

THE COMMITTEE MEMBERS

Full Professor Dr. Dragoslava Stojiljkovi¢, University of
Belgrade, Faculty of Mechanical Engineering

Assistant Professor Dr. Vladimir Jovanovié, University of
Belgrade, Faculty of Mechanical Engineering

Full Professor Dr. Ljiljana Medic¢ Peji¢, Polytechnic University
of Madrid (UPM), Department for Energy and Fuels,
Madrid, Spain
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YHUBEP3UTET Y BEOIPALLY

- MALUMHCKN ©AKYNTET —
Bpoj: 624/3

Hatym: 04.06.2020.

Beorpag, Kparbuue Mapuje 6p.16

Ha ocHoBy unaHa 64. Ctatyta MawwuHckor ¢hakynteta YHuBepauTeTa y beorpagy
6poj 1450/4 o 14.06.2018. roguHe n 4ynana 20. a carnacHo YnaHy 29. lNpaBunHuka o
OOKTOPCKNUM cTyamjama Ha YHuBepauTeTy y beorpagy o 24.05.2016.r., HactaBHo-
Hay4yHo Behe MalwunHckor pakynTeTa Ha cegHuum oapxxaHoj aaHa 04.06.2020. roguHe,
AoHeno je crnegehy

oaonykKky

Nwmenyjy ce ap Hebojwa Manuh, BaHp. npocd. n ap bojaH JaHkoBuh, BuIK
HayyHn capagHuk, WHH BwuHuya 3a MeHTOpe [OOKTOpCcKke aucepTtauuje
»KBAIIUTATUBHA WOEHTU®UKALUNJA FACOBUTUX NMPOOYKATA
TEPMOXEMWJCKE KOHBEP3WJE BWOMACE [NPUMEHOM CUMYIJTAHE
TEPMAJIHE AHAJIU3E U MACEHE CIMNEKTPOMETPWUJE" kaHgounpata Mwunowa
PapojeBuha, MSc.,cTyaeHTa OKTOPCKUX cTyauja.

OLI,J'IyKy OOCTaBUTU. MEHTOPY, AOKTOPaHTY U apXnUBW.

AOEKAH

MALLUNHCKOI ®AKYIITETA

npod. ap Pagmeoje Mutposuh



